We examined the diel behavior among the jellyfish Periphylla periphylla in Lurefjorden, Norway in a sampling campaign and by a . 3-month continuous acoustic study. Jellyfish distribution and behavior were recorded by an upward-facing, bottom-mounted echo sounder at 280-m depth. The population was typically divided into four groups, each with different behavior. Individuals of behavioral Mode 1 undertook synchronous diel vertical migrations (DVM) within the upper 100 m. Individuals of behavioral Mode 2, stayed at , 160-200-m depth during the day, and also exhibited synchronized DVM, ascending at dusk and descending at dawn. The smaller individuals of behavioral Mode 3 swam continuously up and down throughout both day and night, yet occurred below Mode 2 individuals in daytime (, 200 m-bottom), while their vertical range encompassed the entire water column during night. Mode 4 behavior was displayed by large jellyfish located between , 130 m and the bottom. These animals shifted between remaining motionless and relocating in rapid steps during both day and night. These four main behavioral patterns persisted throughout the registration period, although the synchronously migrating Mode 2 behavior became weaker in spring. This acoustic study has unveiled more diverse migration behaviors than previously derived from net sampling and remote-operated vehicles methods and emphasizes the importance of studying individuals. DVM is complex because individuals in a plankton population may simultaneously engage in a range of various contrasting behaviors.
Diel vertical migration (DVM) has been demonstrated repeatedly in both marine and freshwater systems and in diverse organisms including protists, crustaceans, jellyfish, and fish (reviews in Pearre 2003; Cohen and Forward 2009; Ringelberg 2010) . Such movements of populations may involve vertical displacement of several hundred m. Although light is often a proximate control Ringelberg 2010) , typical drivers include temperature, food search, anti-predator behavior, mating, or maintenance within a given geographical position (reviews in Pearre 2003; Cohen and Forward 2009) .
Unfortunately, there is a general discrepancy between the typical spatial scales of field sampling of plankton (e.g., with net tows), and that at which individuals respond to their surroundings and execute their behaviors. The latter is typically much smaller. As a result of depth-integrated sampling, field data are often interpreted in terms of the population at large or sometimes as the average individual. Changes in a population's average vertical distribution between day and night are typically interpreted as a population mass migration, yet the commonly occurring midnight sinking (Cushing 1951; Pearre 2003) is just one factor that may lead to underrating migrations using this approach.
Given the wide range of behavioral diversity and plasticity in both between-and within-plankton species that have been demonstrated experimentally, a similar diversity also should be exhibited in situ, thus giving rise to substantial deviations from the mean DVM behavior at any given time (Titelman and Fiksen 2004; Pierson et al. 2009 ). Because migration of a population integrates the behavior of many individuals, actual population migration may be underestimated when individuals act asynchronously (Pearre 2003) .
In contrast to smaller plankton that can easily be manipulated in the laboratory, our understanding of the behavior of jellyfish is particularly limited because experiments require large volumes and, therefore, often become unfeasible (Sørnes et al. 2008) . Also, camera-based methodology such as remote operated vehicles (ROVs) and video profilers depend on light, which restricts observations at depth under natural light regimes (Sørnes et al. 2008) . The use of artificial light can affect the results, because jellyfish may avoid light and be negatively phototactic (Youngbluth and Bå mstedt 2001) . Red light can be used, but has limited range (Youngbluth and Bå mstedt 2001; Sö tje et al. 2007 ); however, observations of shallow-living species have revealed that jellyfish may engage in surprisingly complex and plastic behaviors (Graham et al. 2001) . New approaches, like tagging of individuals, are now being developed for behavioral observations (Hays et al. 2008) . Fortunately, deeper living jellyfish may also be subject to in situ studies because their size renders them as good (albeit relatively weak) acoustical targets (Kaartvedt et al. 2007; Klevjer et al. 2009 ).
Lurefjorden, Norway presents unmatched opportunities for studying the behavior of large migrating plankton in situ. This fjord offers stable, enclosed, deep waters, and it accommodates a massive population of the globally occurring mesopelagic coronate jellyfish Periphylla periphylla (Fosså 1992; Youngbluth and Bå mstedt 2001 (Sørnes et al. 2008) , and its effect on the microbial food web Titelman et al. 2006) .
Previous studies of P. periphylla behavior with ROVs have generated descriptions of motility, with behavior ranging from continuous swimming to largely inactive behavior, and both descents and ascent throughout the day (Youngbluth and Bå mstedt 2001; Sö tje et al. 2007; Sørnes et al. 2008) . Distribution patterns and video footage suggest behavioral differences between small and large specimens (Youngbluth and Bå mstedt 2001; Sørnes et al. 2007) . Initial acoustic studies have detected synchronously migrating, asynchronously migrating, and apparent nonmigrating individuals of P. periphylla (Kaartvedt et al. 2007; Klevjer et al. 2009 ). However, studies have so far been short term, with limited vertical resolution. Little is, therefore, known about the persistence of those behaviors and how they contribute to the vertical movement of the population at large.
We address the distribution and vertical migration of P. periphylla by combining a field campaign with long-term use of a submerged, moored, echo sounder. We document new, diverse, and persistent behavioral repertoires among individuals of this enclosed population that extend far beyond that of a general DVM of the average population.
Methods
Lurefjorden-Lurefjorden, Norway (60u41.79 N, 5u8.59 E) has a maximum depth of 440 m and is connected to outer waters through a narrow shallow (20 m) sound (map in Youngbluth and Bå mstedt 2001) . Due to this shallow connection, water characteristics of the fjord reflect that of upper coastal source waters. The high light absorbance of this source water, which fills the entire basin, makes feeding conditions unfavorable for visual predators and, thus, mesopelagic fish are virtually lacking (Eiane et al. 1999; Bagøien et al. 2001; Aksnes et al. 2004) . The restricted physical connection with outer waters facilitates retention of the population of the deep-water jellyfish ).
General sampling-The first part of this study was carried out 07-13 October 2006 using the research vessel R/V Trygve Braarud (22 m). The purpose was mainly to sample echo targets concurrently with acoustic studies from both ship-borne transducers (Simrad EK500, 38 kHz and 120 kHz) and from an upward-looking, bottom-mounted echo sounder (Simrad EK60, 38 kHz) at 280-m depth. The echo sounder was connected to shore with 800 m of cable and 280 m was the maximum achievable depth with the available cable length (further description of acoustic mooring below). We also simultaneously sampled hydrography using a conductivity, temperature, depth (CTD) probe, near-bottom currents (Sensordata current meter), surface light and vertical light extinction ), as well as vertical distribution of mesozooplankton (Lind 2008) .
The second and main part of the study was based on long-term acoustic recordings from 07 January to 19 April 2007. A bottom-mounted echo sounder at the same location as in October 2006 provided continuous information with a ping rate (temporal resolution) of , 1 s 21 throughout this period, apart for during intermittent power failures (11% of the time). The jellyfish domination in the mesopelagic domain of Lurefjorden facilitates the identification of acoustic targets (Kaartvedt et al. 2007; Klevjer et al. 2009 ) and also allows for using very low acoustic-detection thresholds, so that the relatively weak jellyfish targets can be detected without being disguised by echoes from fish. Larger fish that occur in the upper , 150 m can be easily distinguished from jellyfish because they are much stronger targets and display more active swimming. These fish largely appear to be associated with an acoustic scattering layer (SL) of krill Kaartvedt et al. 2007; Klevjer et al. 2009 ), but their distribution has never been systematically addressed. The krill have been identified from trawl sampling and show a different acoustic signature from that of jellyfish (Båm-stedt et al. 2003; Kaartvedt et al. 2007; Klevjer et al. 2009 ). Krill are better detected at higher frequencies than 38 kHz (Greene et al. 1991) , but the krill SL became prominent in this study due to the low acoustic-detection threshold that was applied. Also physical discontinuities such as pycnoclines may be observed acoustically (Warren et al. 2003) .
The echo sounder was kept stationary in a lowadvective environment; therefore, slow-moving jellyfish remained in the acoustic beam for prolonged periods. Because it was submerged, undisturbed in situ individual behavior could be derived even for deep-living animals. However, the smallest jellyfish are not accounted for in the acoustic records because an acoustic frequency higher than 38 kHz is required to study individual targets , 3-4 cm ). A Sensordata current meter, equipped with a temperature sensor, was deployed 2 m above the bottom, adjacent to the acoustic mooring.
Sampling of echo targets-Jellyfish were sampled 10-11 October 2006 by a micronekton trawl with an aperture of , 100 m 2 , with 20-cm mesh size near the opening, declining to 3 mm in the cod end. A multisampler cod-end was used, which could be opened and closed on command from the ship (Engå s et al. 1997) . The gear provided three separate catches from each tow. The rear part of the trawl was open between the subsequent samples, so that the trawl was flushed between each sample. The trawl's depth profile during sampling was monitored by a Scanmar sensor. The trawl was towed at 3-4 km h 21 , with fishing for 1-2 min at predetermined depths that were selected based on acoustic data from the ship's echo sounder. Such short hauls can result in , 100 liters of jellyfish, and longer hauls would result in damage to the trawl due to the massive weight of the catch. In total, 20 trawl samples from throughout the water column were obtained day and night. The volume of the catch was noted and a subsample of jellyfish were enumerated and sized (weighed), while other taxa were noted.
Pole fishing was done with lures from the ship to catch and identify larger fish targets and to determine their stomach contents.
Acoustic mooring-A mooring with an upward-facing Simrad EK60, 38-kHz (7.1u beam-width) echo sounder was deployed on the bottom at 280-m depth. The transceiver was housed in a pressure-proof glass sphere next to a Simrad 38-kHz oil-filled, pressure-proof transducer (ES38DD). The transducer was mounted in a steel frame with gimbal couplings to ensure horizontal orientation of the transducer surface. The echo sounder was connected to shore with cable for power and transmission of digitized data to a shore based computer. Data were transmitted with standard industrial modems. The acoustic records in October were influenced by electrical noise from the 220-V input and, therefore, a 220-12-V transformer was installed next to the transceiver within the glass sphere during the second part of the study (JanApr). Running the EK60 on 12 V reduced electrical noise. The ping (sample) rate was , 1 s 21 . Raw data were stored for later analyses. Echograms were visualized in Matlab and additional postprocessing of data was done in the Sonar 5 software (Balk and Lindem 2002) .
The presentation of acoustic results includes echograms representing the average diel behavior of Periphylla periphylla for each month. Composite monthly echograms were constructed in Matlab by dividing each day into 30-s intervals and for each time interval, an average of all the pings was calculated within a given month.
Monthly echograms were also constructed to display the distribution of potential fish predators on P. periphylla (Arai 1988) . Although fish echoes are imbedded in the monthly composite jellyfish echograms, fish appear as very small dots that may be swamped by the jellyfish data when using the customary applied volume backscattering strength (Sv) threshold of 2100 dB. Therefore, to better visualize fish distribution, we increased the Sv-threshold to 275 dB, thereby removing most of the jellyfish data, apart for some strong registrations close to the transducer. The stronger fish targets remained. We then visualized the remaining data by averaging pings (5 min) and vertical bins (96 cm) of each signal that was above the 275 dB threshold. We manually checked the original echograms to verify that these signals were from fish.
In all presentations, time is in universal coordinated time (UTC), which is standard local time minus 1 h.
Results
Physical oceanography-In October, a marked thermocline was present at , 35-50 m, where temperatures decreased rapidly from , 13uC at the surface to 6-7uC at depth. This was accompanied by an increase in salinity from , 30 to 33. Below the thermocline temperatures of 6-7uC and salinities of , 33 persisted (Fig. 1A) . Near-bottom temperature was 6.8-6.7uC from January to April (Fig. 1A) . Currents were weak, with an average of 1.22 cm s 21 for the entire period if it is assumed that velocities below the instrument detection level were 1 cm s 21 . However, pulses reaching 3-5 cm s 21 did occur (data not shown).
Trawl catches and acoustics during the field campaignPeriphylla periphylla completely dominated the catches by weight throughout the water column during day and night. Daytime catches were low in the upper 50-60 m and generally increased with depth, yet there was a minimum at 350 m with maximum catches just below this depth that indicated sampling variability among the very short trawl tows (Fig. 1B) . At night, the distribution was largely bimodal, with maxima at , 50 m and 350 m (Fig. 1B) .
Sizes of P. periphylla varied with depth (Fig. 1C) . The trawl samples suggested small individuals in the upper , 50 m, but few individuals were captured. During the day, individuals captured between 70 m and 150 m were larger than individuals between , 180 m and 300 m. There was a subsequent increase in size below 350 m. Individuals captured at , 100 m at night were smaller than those captured at this depth in daytime. A nocturnal size reduction also occurred in the deepest part of the water column (Fig. 1C) .
Krill were captured in some quantity in two trawl tows; at 100 m during daytime (, 0.5 liters during 120 s of sampling) and at 15 m at night (1.8 liters during 75 s of sampling). Other organisms were scarce. A few shrimp Pasiphaea multidentata, five northern lanternfish (Benthosema glaciale; all below 350 m) and four lightfish (Maurolicus muelleri) were caught during the 20 trawling hauls. Larger fish were never captured in the short trawl hauls, but were recorded by the ship-born echo sounders within the krill SL. Lure fishing in this SL yielded nine whiting (Merlangius merlangus) with krill-dominated or empty stomachs.
The acoustic records in the upper 200 m from the 38-kHz hull-mounted echo sounder showed three distinct SLs, which we ascribe to P. periphylla, krill, and P. periphylla, respectively (Fig. 1D,E) . The acoustic signatures of the upper two layers clearly distinguished the jellyfish and krill. In the shallow-most SL, individuals of P. periphylla could be seen, while the krill composed a diffuse SL, which as expected was stronger in the concurrent acoustic records at 120 kHz (not shown). The main discrepancy between the trawl catches and these acoustic records was abundant catches of P. periphylla in the krill-layer at day, where Periphylla was not frequently documented in the acoustic records. Whiting could easily be distinguished from jellyfish in the acoustic records. These large fishes were much stronger targets and their short, steep echo-traces reflected more active swimming and shorter residence time in the acoustic beam.
Due to electrical noise, which becomes amplified by range, only results at short range (close to bottom) are presented from the bottom-mounted echo sounder during the field campaign in October (Fig. 1F) . These records were dominated by individuals swimming continuously up or down, interspersed with a few, stronger targets that remained stationary, interrupted by short vertical relocations (Fig. 1F) . The acoustic records of continuously swimming individuals recorded from the echo sounder located at 280 m correspond to the small jellyfish prevailing in the trawl catches at these depths, while the stronger targets are ascribed to infrequently occurring large jellyfish.
Long-term acoustic records-Acoustic records during January to April were very similar to those from the October campaign (e.g., Figs. 1, 2) . We are, therefore, confident that the identification of acoustic layers from the trawl survey also applies to the subsequent period. In addition, no short-term fluctuations in abundances are expected in this enclosed population of long-living jellyfish , although the possibility of horizontal relocation of jellyfish within the fjord exists.
Behavioral modes of Periphylla periphylla: In the acoustic records from winter and spring, the population of jellyfish segregated into (at least) four behavioral modes (Fig. 2) . In addition, there was the diel vertically migrating SL ascribed to krill in the upper 120 m (Fig. 2) , and the larger fish (see below). The four behavioral modes are numbered based on their vertical distribution during daytime (Fig. 2) .
Mode 1: The shallowest group of P. periphylla inhabited the upper 100 m (Fig. 2) . These individuals appeared as long echo-traces because they remained for extended periods in the wide acoustic beam at the long range from the bottom-mounted transducer. They were better resolved acoustically during the field campaign the previous autumn (cf. Fig. 1 ) due to the short range from the hull-mounted transducer. Individuals of the shallowest group mainly stayed above the krill-layer during the day and undertook synchronized DVM within this upper realm. In early winter, they immediately reversed their evening ascent upon encountering a pycnocline (Fig. 3) . The depth of the pycnocline varied within and between days, probably because of internal waves. Hence, the upper limit of the nocturnal migration varied accordingly (e.g., Fig. 3 ). As their migration reversed, the descending jellyfish intersected with the ascending krill (Fig. 3) , as they would do once again when the krill descended in the morning (not shown).
Mode 2: These jellyfish made up a well-defined SL, which was located below the krill during day (, 160-200 m; Fig. 2 ). They synchronously ascended toward the surface in the evening and descended in the morning (Fig. 2) .
Mode 3: This assemblage of jellyfish was characterized by continuous vertical swimming. During day they were migrating between , 200-m depth and the bottom, ascending to the SL of Mode 2 before reversing direction (Fig. 2) . During night their vertical habitat encompassed the entire water column.
Mode 4: A fourth type of echoes comprised strong intensity traces of individuals remaining more or less stationary at set vertical positions, alternating with abrupt vertical shifts so that these echo traces appeared as steps (Fig. 2B) . Jellyfish with this behavior intermingled among those with continuous vertical swimming (Mode 3). It was hard to fully assess the upper range of their distribution during the day due to the SLs of jellyfish with Mode 2 behavior and krill. At night they occurred between , 130-m depth and the bottom.
Temporal persistence of the layers and behaviors: Two consecutive diel cycles were selected for each month to describe the diel vertical behavior in some detail (Fig. 4) . These presentations are supplemented with monthly averages based on all data for each month to show the degree of consistency of main patterns (Fig. 5A ). All behavioral types were present throughout the registration period. However, there were changes in their respective abundance. In particular, the Mode 2 SL weakened in spring and was indiscernible in the records some of the days in March and April (Fig. 4 ). Yet weak records of this SL were made on other days during these months, as faintly expressed in the monthly averages (Fig. 5) . We could not determine whether the reduction of this behavioral mode was accompanied by increase in other modes. Echo integration of individuals displaying Mode 3 behavior showed occasional peak values of acoustic backscatter in spring, but results varied strongly on a daily basis and there was no consistent trend (not shown).
The echograms commonly displayed a 'white triangle' in the afternoon, particularly evident in March and April (Fig. 4) . This is formed as individuals (behavioral Mode 3) left deep waters in the afternoon and ascended toward the surface before immediately returning to depth on their continuous nocturnal traverse of the water column. In daytime, the swimming of these individuals occasionally appeared as 'bands' of ascending and descending organisms displayed in the acoustic records. Examples of this are evident in the echograms from March (Fig. 4) . This pattern seems to be caused by a pulse of jellyfish returning to deeper water in the morning maintaining similar individual swimming speed, and then reversing their swimming direction at the same depths, both near bottom and at , 200 m. Sometimes arrested migrations were observed for descending individuals near bottom, manifested by voids in near-bottom acoustic records, with particular high concentrations at the interface of this void (e.g., see 22 Mar; Fig. 4) .
Distribution of fish: Fish (mostly whiting) normally carried out DVM in the upper , 150 m (Fig. 5B) . The deepest acoustic record of fish for the entire period was at 186 m. Fish were largely associated with the krill layer during the day, although with a more extended vertical distribution, spanning , 100 m. In daytime, there was some vertical overlap of the fish with the mainly shallower living P. periphylla with Mode 1 behavior. The fish mostly stayed above the SL with Mode 2 behavior. At night the fish were confined to the upper , 30 m.
Influence by methods: Acoustic records of the SL with Mode 2 behavior were always stronger during the descent in the morning than during the ascent in the evening. This is particularly evident in the monthly averages (Fig. 5A) , and is probably due to effect of individual orientation and swimming behavior on the acoustic backscatter of the jellyfish. Records of the individual strongest targets (largest jellyfish) of behavioral Mode 4 are more prominent in the monthly averages than in the diel echograms (Figs. 4, 5A ). This is caused by the averaging procedure, which includes all the strongest individual targets for the whole month. These targets will be present even if divided by the number of observation days, albeit at reduced individual acoustic strength. Weaker individual targets will blend with the general volume backscatter as resolution becomes coarser.
Discussion
The acoustic method permitted simultaneous observations of individual jellyfish throughout the water column. We identified four groups of Periphylla periphylla with different vertical distribution and swimming patterns. Vertical swimming varied on scales from intermittent steps of a few meters to continuous migrations encompassing the entire water column at this 280-m-deep station.
For the first time, a group of jellyfish in the upper 100 m has been identified that carries out synchronous DVM (Mode 1) separately from the synchronously migrating mid-water SL (Mode 2) that has been reported previously Kaartvedt et al. 2007; Dupont et al. 2009 ). Also, the detection of jellyfish that swim continuously vertically (Mode 3), yet with a larger vertical habitat Fig. 3 . Close-up of vertically migrating P. periphylla in behavioral Mode 1 turning at the pycnocline. The pycnocline occurs at changing depths due to internal waves. While P. periphylla turns at the pycnocline, krill cross it. Echograms from 24 and 27 January 2007; SV-threshold 290 dB. at night, represents a novel finding. However, vertically migrating individuals swimming in directions that do not harmonize with synchronized DVM have been reported previously. From ROV casts Sö tje et al. (2007) observed that many P. periphylla swam downward after a few hours of darkness and this behavior was interpreted as incompatible with DVM. However, their observations correspond with the migration pattern Mode 3, which results in a downward pulse of these jellyfish subsequent to their ascent in the afternoon. This downward pulse in the evening seems to be a consequence of their continuous traverse of the water column, rather than harmonizing with the concept of satiated individuals returning to depth after a short feeding foray to upper layers (Pearre 2003) .
Jellyfish swimming in step-wise vertical bouts (Mode 4) have been reported previously (Kaartvedt et al. 2007; Klevjer et al. 2009 ). Data in Klevjer et al. (2009) suggest these jellyfish move somewhat upward at night. Further analyses from the current data set have revealed a diel component to their behavior, with increasing frequency of long steps at night (K. I. Ugland unpubl.).
Size effects on behavior-Size is among the drivers of plankton behavior. For example, in predator-prey relationships, swimming speed and cost of motility is often related to size, and this also is true in jellyfish (McHenry and Jed 2003) . Information of size of P. periphylla in the current data set can be obtained both from the catches and the acoustic records, in which acoustic target strength (TS) can be used as a proxy for size. TS-size relationships are not established for P. periphylla and jellyfish behavior affects TS, as evidenced in the results of reduced backscatter of the Mode 2 SL when ascending ( Fig. 5 ; Klevjer et al. 2009 ). Still, the strong backscatter from individuals of behavioral Mode 4 likely returned from large jellyfish, which were too scarce to make up a significant proportion of catches. The catches show that the continuously migrating individuals (Mode 3) were smaller than those composing the diel migrating SL (Mode 2), and this also was reflected in weaker TS (Lind 2008) . Previous studies by ROVs are in accordance with our observations and suggest that size matters for the behavior (Youngbluth and Bå mstedt 2001; Bå mstedt et al. 2003) . Youngbluth and Bå mstedt (2001) observed that smaller individuals (, 6-cm coronal diameter) were swimming almost continuously, while large individuals (. 6-cm) were more variable and sometimes hanging motionless in the water.
Catches in the upper 100 m showed a range of sizes, declining toward the surface, yet with relatively large individuals at the depth corresponding to behavioral Mode 1. Also, because these individuals were seen at long range from the bottom-mounted transducer, this suggests that the results displayed here originate from relatively large individuals ).
Motility-Motility mediates encounters between predators and prey and is inherently related to a search for food. Given also that energy expenditure depends on size, one may expect a variation in motility and foraging strategies within species with large size ranges (Gerritsen and Strickler 1977; Titelman and Kiørboe 2003; Costello et al. 2008) . The observed behavioral modes might reflect different search tactics between the extremes of cruising and ambush strategies (Sørnes et al. 2008) . Periphylla periphylla in Norwegian fjords forages on both motile and nonmotile food like krill, copepods (including dormant Calanus during winter), chaetognaths, and ostracods (Youngbluth and Bå mstedt 2001; Sørnes et al. 2008) , suggesting that a diverse behavioral repertoire is required to sustain the varied diet. In this context, one assumption would be that the large, more torpid jellyfish (Mode 4) might forage as ambush feeders, while the continuously swimming individuals (Mode 3) might be cruising predators.
Interpretation of DVM behavior-The upper daytime distribution of P. periphylla is directly limited by light, because daylight becomes lethal in combination with its photodegradable porphyrin pigments (Jarms et al. 2002) . However, based on the vertical distribution of the shallowest living jellyfish (Mode 1), this constraint by light appears to be restricted to the uppermost 10ths of meters and cannot explain most of the patterns observed in this study. Dupont et al. (2009) evaluated the hypothesis that the vertical migration of P. periphylla is governed by its sensitivity to light intensity, applying an individual-based model where random walk was combined with assumed individual responses to light. They found that a simple proximate light response where individual P. periphylla avoids light above a certain threshold, but also has a preference for very low light intensities could account for simultaneous synchronous and asynchronous diel vertical migrations within the population.
Fish may forage on jellyfish (Arai 1988) , and damaged mesoglea and missing tentacles have been observed in a small portion of medusa collected in net tows in Lurefjorden (Youngbluth and Bå mstedt 2001) . Until now, there has been a paucity of information on fish that may be potential predators on P. periphylla in Lurefjorden (Kaartvedt et al. 2007 ), but the long-term acoustic records of this study provided documentation of the vertical distribution of fish in relation to jellyfish. Fish (mostly whiting) were generally associated with the krill layer and krill seemed to be their preferred prey. Jellyfish of behavioral Mode 1 partly lived above the whiting in daytime, although with some vertical overlap, particularly in March. Behavioral Mode 2 stayed below the fish in a way that normally might be interpreted as predator avoidance, but the shallow distribution of other parts of the jellyfish population (Mode 1) renders that interpretation less likely. Moreover, predators cannot explain the even deeper distribution of jellyfish with behavioral Mode 3. In total, fish predators did not seem to be a major agent in governing the vertical distribution of P. periphylla as observed in this study. Kaartvedt et al. (2007) found that vertically stratified daytime distribution of P. periphylla in autumn was unrelated to the vertically even distribution of mesozooplankton biomass below , 100 m. However, specialized feeding niches may potentially govern vertical distributions. Specific zooplankton species are vertically stratified in Lurefjorden and their vertical distribution may change by season (Bagøien et al. 2001; Eiane et al. 2002; Niehoff and Hirche 2005) . The most apparent seasonal effect in our P. periphylla data was a decline in the abundance of the synchronously migrating Mode 2 during spring (Fig. 5) . This appeared to co-occur with the seasonal disappearance of the potential prey Calanus spp. from depths corresponding to the daytime depth of the Mode 2 SL (Bagøien et al. 2001; Eiane et al. 2002; Niehoff and Hirche 2005) . The highest concentrations of overwintering Calanus in Lurefjorden occur at 100-200 m (Bagøien et al. 2001; Eiane et al. 2002) , as also found during the autumn field campaign of this study (Lind 2008) .
Apart from this period in spring, there was general consistency of most behavioral patterns present in this jellyfish population throughout the 4 months of registration. The preceding autumn field campaign revealed the same four major types of behavior of P. periphylla as in the seasonal study. This underscores the consistency of these behaviors.
The temperature did not have explanatory power for the segregated distribution and deviating behavior among P. periphylla at daytime, because all four behavioral modes were recorded in the basically homogenous water below sill depth in daytime.
Nocturnal ascent toward the surface would imply entering warmer waters in the autumn and colder waters in winter (Bagøien et al. 2001) . Surface aggregations of P. periphylla have been observed from late autumn to spring (Youngbluth and Bå mstedt 2001; Sørnes et al. 2008; Tiemann et al. 2009 ), suggesting that temperature is not a major driver for these migrations. Nevertheless, individuals of behavioral Mode 1 turned upon encountering the pycnocline in winter. In this case, the pycnocline may have been used as a cue for arresting ascent, rather than representing a physical barrier per se. Tiemann et al. (2009) speculated that nocturnal aggregations of P. periphylla at the surface are related to reproduction and that such behavior was developed in the oceanic environment where abundances are low. Surface aggregations would increase encounter rates between mates as the habitat is reduced from three to two dimensions. However, this mechanism would only explain a small part of the migration behavior.
The nocturnal ascent is likely related to feeding, including the jellyfish following diel-migrating prey. However, the varying vertical distributions and migration patterns among P. periphylla provide different timewindows for foraging on particular prey, so that establishing likely diel feeding patterns is not straightforward. For the example of krill as prey (Youngbluth and Bå mstedt 2001; Sørnes et al. 2008) , P. periphylla of behavioral Mode 2 stay below the krill during the day, but overlap with krilldistribution at night, in accordance with a nighttime feeding migration. Those with Mode 1 behavior, on the other hand, largely stay above the krill at day, but their distributions overlap at dusk and dawn when the paths of the respective vertical migrations cross. The trawl catches also suggest that jellyfish intermingled with the krill in daytime (no mode defined). To what extent behavioral modes reflect foraging strategies or other specializations remains to be established. Regardless of interpretation, our data documents striking within-population variation in the behavior of a diel-migrating plankton organism.
This study adds new complexity to our understanding of population DVM in P. periphylla in particular, but also on plankton migrations in general. We demonstrate that the DVM may in reality deviate significantly from that of a synchronous daily mass movement between depths. In total, four behavioral modes of this jellyfish population were easily distinguished throughout several months. This example from a stable fjord population underscores that the DVM of the average population need not involve the entire population or even the majority of it, and that other behavioral options may be equally profitable at any given time. The P. periphylla example demonstrates that a focus on individuals and scales relevant to individuals, contributes information beyond what can be resolved from targeting the mean population in typical integrated net samplings. Such a focus will contribute to bridging the gap between field ecology on one hand and theory and experiments on the other. Lessons from the individual behavior of this deep-water species may also apply to other jellyfishes. In addition, the degree of behavioral diversity observed in this population suggests that we can expect wide behavioral diversity of other migrating plankton species. Thus, these results may have implications for the understanding of plankton behavior and pelagic ecology at large.
